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(54) METHOD FOR REFINING SIUCON 

(57) Abstract 

PROBLEM TO BE SOLVED: To provide a method tor 
refining silicon to be able to efficiently remove B 
contained in metallic silicon and to produce 
inexpensively silicon being a grade to be used for a 
solar battery. 

SOLUTION: The method for refining silicon is composed 
of a flux addition step to add flux 16 containing a 
basic component to si] icon 12 whose boron concentration 
is 100 mass ppm or less and to fuse them, a reaction 
step to dip a nozzle 18 in silicon 12 and to blow an 
oxidizing gas in it and a flux removing step to remove 
the flux 16 from silicon 12. The flux addition step, the 
reaction step and the flux removing step may be repeated 
by a plurality of times. It is preferable that basic 
flux containing CaO, 0aCO3 or Na 2 0, particularly 
CaO-CaF 2 mixed flux having a specific composition is 
used for the flux 16. 
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[SIM] &m*s , )*>telSi1X*>'B*:1b&*<!t&1- 

to 

•/•^iftKri* 1 OOmasspp m\XTX~hZ> y'J^^i 
2 t-iS*14«:«-S:-&tf7 7 -y 1 6£?&*0U 

zmmz^z? 7 v ? xmxoMt, ->m 3 > 1 2 1:/ 

> 'J 3 > l 2 ri>e> 7 v y ? * 1 6 7?i»n 
Lttfiv>, *7t, 77 7^^1 CaO, Ca 
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1 ] * <? lOOmasspp mUT 
trK&Iflt, 

frfBv 'J ^ >^<bffirfE7^ y ?X*H*t475 y 9 X 
Rilfi fc 1 11 x. tz -> 'J 3 > OfflS^ffio 

[ffi**3] TttriBv 1 ; 3 >(±, **3ii««ri s l 0 0 m 
a s s p pm^T-C**B**2USE*O->Un><0« 

[«*** 4 ] WIE*l*14fiK^(i, CaO, CaCOs 
XliNa: 0<Ort«0 lttX(±2!ttl±Oft^t?*-l>a 

2 X(± 3 USEttO v >; a > O»«l*ffio 
[31**5] ^777^X1^ CaOtCaFsO 

7 y * XT'* &iit$A 1 , 2 xa 3 icie«<o -> 'J 

[fit** 6] fEa^7?7?X«t>OCaO*ti 

t±, 

x (T) + 3 0 m a s s % 

(fiU Tliy'J 3><7)}§BtfiS, x(T)ii Tw. E i 
teK Zement,»27|, (1 9 3 8), P 4 
6 9 -4 7 2J i:TSS?ilT^CaO-CaF2| 
^cBH^fc^Tjeffi^iaK^T t^^.B#COC a OCDma 

s s%) 5 kie**>->«; 3><7)*ts^rfto 

y'j3/©*(iiiiltHcc/ (m 
i n • g) B.±2 5 c c/ (m i n • g) WT-e*&» 

[St**8] UirfEBStfl:1£**;*.<±, R*. 

*JI 1 , 2 Xl± 3 l-fE^O -> i; a y (OfflM^ffio 

[0 0 0 1 J 

***Bfc*U *l»*jllUR->'J3>S:*«iU»jfr** 
[0 0 0 2] 

[t£*<7>&#l] &JS>'J3> (Metallurgical Grade Si 
licon 0 WT, fMG-S ij fcv>«? 0 ) (±, Jt 
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^*fiSO«V^5 (S i O2 : 9 9. 5%l!JLL) 
ft*i:7-?'MfSL, S i O: £if 7c£-t*-<i> .1 t 
(CioTKii^^Tv^o MG-S i <0i&«(±, iitt, 
9 8 %ej£Tr*> *K Lt> Fe, C a, A 1 , 

C, Mn, Ti. O, P, B*$tf<ktix2> e 
[0 0 0 3] -1COMG-S i t,Z^t tl2>^&LVs&m£-t 

zmm^mttxit, xasis, -^^hs, 

G-S i *«ffiT-Cj$»$-£4CfcUJoT^tt&*aK 

wjasv^*t!»7c* ca, pm O^St 

Lrfi]ffl$turv^ 0 

[0004] -^fomm&Rvismmmmmi. 

if t «[ffitci9-E $ tii Z t *mm L fcflMRSc-C* 4 0 - 

^ifiiaHftai^rfieiiiffiRftii, ±u, /'ja^toi 
w#ssck (=Hffi*o^#fi!»oaFjPFK ccs) /mm* 
<v*mm<r>mmm (cl) ) **i * i?*l</|>$v^#ii 

fexSf (Wx!i\ Ca, A 1 , Fe, Tif) OBfc*^ 
20 mt LTflJffl^ttTv^o 

[0 0 0 5] ^ft(±, MG-S i^HCI^ 

±^(zt±|6]^^v^i:v^^:.6;(iai5 4 7> ? , l l NgSco^ 

v 3 >«fflfio^^v^2if^-> <j 3 ><r>^yjmt 

[0 0 0 6] tZ?>X\ jsMWm-Ri^hfr&i'') 3 
50 >, jfclSr^ffeiiRv'J 3 > (Solar Grade Si I i 

cono £IT, Zili TSOG-S ij t^io ) 
$*t4*6Si±, #S*m->'^ 3> J; !9fg:v^6 - 7 N8g 

^ffiffl^tt-SOT, SOG-S i K(±, ^flfit?*-2>- 

[0 0 0 7] L^L^75 s e, MG- S i t;#f<x4^*E 

l±K^i§fi!£&*<fco-r, lma s s p p mJilTt-|^*-r 
40 407>*te«!>-CB!t-C*4o SOG-S i tL 

*ILTv»S«Wl«t*l), SOG-Si^iCi 
£ rt ? prtg ^ -7" D -fc X o?t2l*tS i tL X V o 

[0008] -£zx% z<n?$mzm®:-fz>tci£>iz^ ^* 

B*#JS^^te, i5 4^ *2-^ ( 1 9 9 0) , p 1 
6 8 - 1 7 2 J (Zl±, «*EKfllf&^^--Kt~^3 0-10 
Oma s s p pm^B5:ttt4MG-S i , Rt^, tt 

50 If, Ca0-SiO2|,75;n, CaO-CaFs 
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3 

- S i O2 ^75 7 9xm i^AL, A rfuj£ c Wc£i 

v>r 1 4 5 ot:- 1 5 5 0 V-x-t^-t z> ctciot, 

MG-S i *?>B£ifi&147 7 7 7 XU 7 7 
7 7 XfeSyiT^TP £ flT ^ h o 
[0 0 0 9] i/c, #i¥8- 7 3 2 0 9 -??-£$fH;(4, 
T-^^*T'4 0 p pmwOB^ttit'f 
$-ti\ -TOW ?gt::*tLT6 0I1%C a 0-4 0 £4 

%s i 0 2®.m.zm-rz>y7 ? ? xzmm*)i-mz-z>z 

[0 0 10] itz, r#^*ffi, B*^*^Su t54 
»2-f- (1990) , p 1 6 1 - 1 6 7 J 1-14. 2 
8. 3ma s s ppmOBtttt^MG-S i W 
m^ytflzXft, A r (Z^ilOOs XI±C0: Srv^SPL 

G-S i 4 5 <7>B£B£ft:t/^ffm$f&l&*£^£7'7X-7 

[0011] $ <b K> #B3¥ 4 -2 2 8 4 1 4 
(4, ->'J ***v»(i->'j a*±j£$5-fc-f *S»rtt::»ltt 

mm & tomtte. if x h z> v > (4 -> * <r> -t- tr 7' 5 
[0012] 

7X$tQ.3£i£-CI4, Bco^p^ieJtLB (=777^t 
O^FKSBift* (mass%) /v 'J 3 >4"<0¥f(ffBiftS 
(mass%) ) rt^ttlftt-'hS^*:*^::, gJiinTlt&& 
BlSi:iiI#!i s *So >I*U4, WT^gfitc iS 0 B 

->u ^>wm<7>mmfrK£7 7v ?*.<otzmmzx*£2> 

77-; 7X£3$®tte®ffc!|&-c& 
4S iO2-Cfif0$*iltMii9f, i<0*&^lCi4, 
777 7 XOffi^JK^flTF LT Li To Sot, 7 7 7 
7 X £ ffl v » r B * W^ffi 4 "Cilfif $ * & t , 

ioT, Lb(4, ^S4ttft4, **«F» 

car*-* i-eKftusmfcsu aas»^**JEv»t v»-j m 

[0 0 13] 7*?X-?jMN£f::J:Jilf, >v3> 

4"OBig££ 1 ma s s p p mgJ8l-ffi;il£-r -5. C t * S T* 

rt ? S<, ******** v»tv^|ilUH5i**4 0 7 
U-Ai£T(4Eii&lc&£*i*;fc<&, ->'J 3><o[^B#Kft: 
K4 ^t^oW®****.,, ?f,c, «isS<7> 

Kfcmm*&i&'X& u R5c * it * * u , **asae u k 

#rt*$>'K BHU^;P4T*B£fS:^-r4Ul4, RB#W(7) 
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[0 0 14] «SS«ftLio ttiRIIi. MG- 
S i \z*£ii\2>B$:m*Ei. <Kinct35 { fl ) 

sog-s i ifcmizazrthz kimwsn = 

[0 0 15] 

Itt««r»*i-4^:*0^a] -tffilMB 

-> ') 3 >OfflHJ7jS(4, * 1 
OOmasspp mJilTT"*4 v U 3 > Utfi^ttfiScfr £ 

x ^ jnig t , mi e •> 3 > + 1 - / x >v & mm l , Kit 

14 #"x £pfc # atpRi&Ig £ , mrfB x'J^W frffi 7 

[0 0 16] *^c, ^l§W<7)2#g(4, v')3>i:JM 
77 7 ^Xjfebniei:, HtffBv'; n>cfi{cyX;P*ftjt 

20 x> «riE77 7^x?s*nxg, #rieR)c-x@7io i 'itrie7 

7 7 7 X iilf £ mSC@i» *) M-t Z t Z W: w t ■? z> fc 
[0017] ^M> y'j3> lZiM.&&&Lfr£-$ts 7777 
&trt. y'J3>, 7777 XT3lL' f ^'fk1t7y775 ? ^ff"t' 

£)£Lfc*>7#*-£-t/gHI:^?>7 7 7 7 xcil, 

HitiCtJiti*. i^, 77 7 7X<0j^JD> Btft 
tt*-XOP^#ii*.S.O*7 7 7 7 XO|^*«r«ifc|l^»} ig 

[0 0 18] 

muz. *3m<r>-mii&<r>fmiz<\&i> -> >; 3 
^/Tftcoxgni^^i-o *&m<r>itmizm2>^')=i>o 
40 fi§i7jft(4 > 77 7 7Xjstipxet , Ritxet. 77 

[0 0 19] 77 7 7Xr.ttDX@Uov»TSiW 

-T-l>o 77 7 7Xi^JOXSI4, ->U 3 XC7 7 7 7X£ 

111 (a) »=3?+J:^*=, 0rtlc*EAL/S->y 
a > 12 7??^Xfttttfl4*<bft»S 
ix-l> 7 7 7 7 X 1 6 Lfcv 'J 3 > 1 2 (liS*Dl-tL 

[0 0 2 0] *%WU4JV>T, (U^IfttLtii/^-/ 
50 'J3>l 2*<?5BiS«(4. #(;K^$tL4 tc7)T*(4^ 
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5 

v^o 1- #f£9l<i, S^Bm a s s p pmHSOiS 
SJ£OB£#*1-& v'J 3>12 CitLtafflT'^/i 

Ltfflv^yV3>12tOBSSit flr^WIKi. 1 
OOmassppmWffiK, S <b UfiPi L < (i 
30masspp m.W>T"C#>&o 
[0 0 2 1 ] $ tz, HftK, y')3>12 cojgittiaK^ 
iS<&£(3h\ 77 7^X1 6/y'J^>l 
^PW^EJtLB**** <&*«m* , **o ttot, y'J 
n> l 2*OB<^*£asp<fc <ff^fc*U(±, SMI 
ft(i«vvfr*i«fSLv> 0 fit, 4:. 
777^1 6C<t^^7^1 0 <7)gt^, y'Jn^l 

2 0tfl§nx^ii^:-r^O'efi 1 i L < ^v^ 0 y'j3>i 
2 0j§»SJSii, *#(5i:ii, l 4 5 Ot:W±l 8 0 0 
raiWiK, $^U«FiL<ii. 1 5 0 0tW± 

i 6 o oram^o 

[0 0 2 2] y'J n> 1 2UffiiDS*L*-77y 1 6 

[0 0 2 3] tt*teJ»53*fc LTIi, *fM9i:ii, Ca 
CK CaCOs, Na 2 0^ffiii- LT^If £ 

iRtSt#l;"C*^<7)T% 777^X1 6C^in^ 
iitx^xi>&^ 0 

[0 0 2 4] itz, 777ni6li, fflakttfSfrO* 

tftv^o «x.(£\ li«*^:ltCaOifflv^t# 
^ Ca OOBt 2 5 7 2 "CC* 0 > v U ^ > 1 2 <F> 
It* 1 4 1 41CJ: C a O 

^tf7^ y *x 1 6 Srfflv»*o**»S m2tiifrt 
LTti. *#»U(±, C a F2 *«SHS«r-«k LT#^f 

[0 0 2 5] ifc, 7777XI 6 i: IT, CaO^C 

aF2 0j|^77 7n^v^i^ rl^^^y^^ 

[0 0 2 6] 

x(T)± 3 Oma s s% 
(1BU Ttty'j3>120»»l«, x(T) (i 
[W. EiteU Zement,|27l (193 
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8) . P 4 6 9 - 4 7 2J Ct«S? iXX C a F 2 
- C a O JftttJR 0 1 1 i3 ^ T ffi ffi &iS]£ T t & & B#<0 C 
a OOm ass %) 

[0 0 2 7] S^777n^C a 04-#***ftl O 
*T-«5*L*iEHJ:*>^*<**i:. S&777nt 

7 y y- xoiiiS^ L < f&T U fiiCffotBOi 
70 ft^7 7 7 7 X^ugffit L TSftt^) C a Of 

fim±irz><F>x%f*i t< &v> 0 a^7 7nit 

4B|^*C0^^[6l±^-e^C<i:ii"e#iv^ o ffi 
^777 ^ /;oai^c a ocotti±> 1^77 7^7; 

aO^lli, S<bU#SL<li, x(T)±15mas 

s %-e*& 0 

[0 0 2 8] ^7*10 CRAt*7 7 7H1 6 0f 
20 (i. M.I«fOy'j3>l 2<7)BiM, ®itOy'Jn> 
1 20liBlK, ^7^l0CgAt^y , J^>12 

;i/7^10i:8AJWy'J3>i2Oll (W 
s i ) i:itn777^y; 1 6 0li (Wf iuz) <r> 

it (Wf 1 u x/Ws i . fcTF, dtL* [777^X/ 

U n> 1 2coBSS^fg:M^^^>vli:^T^^o — #> 
'Hfll0777ni 6Oi3si0(±. f&^ofl£;T*«l 

<Ot\ »iL<&V\> 777^7/y'JnyJt (W 
JO f mx/Wsi) li, *#»Clt 0. 0 5tl±0. 

8jaT* t »*u<, ^cffjuii, 0. m_to. 

[0 0 2 9] y'j3yl2<7)»fffin^7 

ri ? Si<. 77 7^y;i 6^0S£tt«v4 0^ 

SHi-e*«o 77 y ^x 1 6 d^iftaaastt 

[0 0 3 0] 777^xi6(i, H*K3K-e v U 

40 n> 1 2 Kasimu ^> 1 2 ^^sks-^-c&A 

< . fc^t^lB^-^rt:?^ y *x 1 6 £ 

?§IL/:yU^>l 2t:SJpltti^ 0 £<bic, ^7 
tfU OrtCIftOv'jnyi 2SW077 7^X1 
6^gAl, '>U ^> 1 2M'77 y 1 6 £[BjB#tZ 

[0 0 3 1 ] Kl6Xe*wOv^r|ltW-r4o JR^X 

fill, Bl (b) {zm-tXniZ, »HLfcv'J3>l 2 

y'i^>12 4»U8tatS*ifcy X;l^ 1 8*^Kffc 
50 tt^t^iatrt, -> i ;n>i 2ti:ii, »ffctt^r^ 
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[0032] KfcT.m~&^^xm^*hiv&mt\itfxt 

■c£*otn BMfctt#*i: Lr#[:M^^, 0 &ib\ 
■Mfctttf^UCi, ±&L£2fx<0|*u HSO^fx^ 

[0 0 3 3] ->"J 3> 1 2 ^l!fcSi&trBMfctt#*0» 10 
tit. ^7 * 1 0 At 4 y U n > 1 2 Oil, y'J 

v^ 0 -fed, '*fttt^^ai:*««Jt»ua^-c** 

BO»*a** f ttTi-*O-C»*L<«rv* 0 

[0 0 3 4] AHA (J, 77^ni 6£LTCaO-C 

fflv*4»^ ->"J n> 1 2 0*fita*^fcl9Blffctt^ 20 
coffigii, *fffl9(Z(i, 1 c c/ (m i n • g) £Lt2 
5cc/ (min-g) ttTWiK, Sti:»4L 
< 5 c c / (min-g) Jilii 1 5 c c / (m i n 
• g) JilT-Cab&o 

[0 0 3 5] aWfctt^SrqfciatrdfctCioTvy 3 
> 1 2fiU^u& 2 0 fc, y'Jn>12, 7 

77m 6RV?%m2 O^fft^R^flCis^ 
v«; 3> 1 2 4"^*4^*B* f Sft«IBlftSit, 77 

■>*JRfi>J fcv^o ) **Jlffi-*o 30 
i>*Mff-tZ>lzft\,\ 777^1 6K«JR3*LfcBa*, 

[0 0 3 6] -fed, »fttt^Ol*§a^S:Hj6Lfc 

fc*t:y'Jn>i2tOBiSKli«^t4o BMfctetfx 
O^^^Sraff-f* ~>'j3>12*C0B 

o SfeK, *fttt*rx<&ifc*& 

ii^ii, y»jn>l 2 4 , coB«K^ffi/K«Si5^t:iit, 
[0037] mmifx<o»k£&fr*mteLxfrh, K 

y «; 3 > 1 2 <7)M\ 777^X16 COt 
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5 

ho lot, utfttt^oiifcia^iyirt, 

[0 0 3 8] Blfbtt^XcOP^^^UjSffl't^yX^ 1 

& 0 yXjiuli, iffl<7)Pftffi?L*flx_^*?Ly 
iitr J: -9 u irti^ 0 

[0 0 3 9]*:, 77 7^7,1*1111:0^^10^ 
£0 77 7^i*ISii, y'j3>l 2t^8fttt 

y^l 6 *R*t4IIt*4o 
[0040] 777^1 6<7>f&ttm*. !|#UH5eS 
tt^tOT*ii*<, 77 7 ^^OttttCJgtT, 
#ft*«?1-fttf£v> 0 777^16^1 
T\ CaO-CaF2$^77 7niffl^\ JR 
it'IStf»TLfcBfit?tt, mi (c) CStJ:^:, 
777^1 6 a5* ? SC&« 2 2^ioT^7-flO 

X 1 6 5^*2 2 £Jfc^B£<0OjWi L^o 
[0 0 4 1 ] ifc, ;U7^1 OOrtMtCRjS® 

2 2^ ? ±«t, L***>, y')n>l2P777rx 
1 eOBUttXS*****^^ vU3>l 2X^7 

77m 6 ^iSBL^ttSoii, v y 3 > 1 2 so* 

777^1 6 ^»U4K 
[0 0 4 2] 5ri5, ±JEU7 7 7 **i8«ixe, RJd 

<, *&v>(4, cittiboxssrasciasiijjgLffoTt 

&v> 0 1fi:, wtLe>OXeS:ttftIIH!l»)«-rfc, 
^SKJtLT, «»fllU fi37K\ y'J^i 

[0 0 4 3] ^Jt<?)iS{:#4y^><0«8 
^ftOftffli:ov>tRWt^o JaS14^*^tf7 7 y 
ni 6***ff-t4*frTU^»t-6vU 3> l 2*<DB 

■>**BMfc3-tJ\ 777ni6««H4^C 
(i, 077 7^16 *ottSS>f * >orSl:. 1r%t> 

777^1 6 0tt*JKS:?l5<-t^«lfc, © 
RE&*^**»E«rT«ra6«:IR*)*<i-4C:t. ^SfC 

[0 0 4 4] 

lili] 
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(6) 



B(in Si) +^-^-0 2 "(in flux) + 



[0 0 4 5] -U, y')n>12 (OmtKfcl*. &<Olt 

ryni6 SrRttMftW-e** s i 02 -cj&*n$-£& 

[0 0 4 6] 
[ft 2 J 

S i +02(g) = S i 02 (in flux) 10 

[0 0 4 7] Lrt*L4**<b. y'j3>12ti:*ili4 

6^S i 02 <Dt&W. raS102(in f 1 u x > J 

iov^r, 777^x1 etoit-ftxoisi [ao 

2 "(i a f I u x ) J ^KftTt^o 

[0 0 4 8] RE*OK^*>0«g£S#>£ 
£#>tZS i 0 2^tiO^4v^7 7 7^1 6 Srftfflf 20 
Si, 77yni6tosi02 £>*§4ri ? /hS < & 

[0 0 4 9] mtz^l, »MLfcv'J 3 > 1 2 tljtfL 
T\ tta6ftO*^-7 9y 1 6£ifebnU ej£***¥ 

ww»c*a-c**o ftio*^3cS*t*Efi5 

*«**|BluaffL, y'Jn>12^B4:«i$J:<R* 

[0 0 5 0] ^-X«t3Itc J: 0, y^^fl^i 

B £ ¥«*EJt L b T-*5iE 5 *i * « S T^*^ £ 
H (i . Rjg Jfi £ TOfttJR * "CiilT S * #55*** £ o 
— 777ni 6/y'Jnyi 2BOB^)¥i&S 

fci)OgJitB«KUi±R#* J *^o ^(ntztb^ 777^ 
XftlCioty 'J 3 > 1 2 t^BSS^ 1 m a s s p 40 

[0 0 5 1] iitfcWU K 
f ttt * ft b & tr C fc U «t o T W»*»S**lt J# £ it 

&ot\ v»; 3> i 2 *oBti, SfiWWKRffcSit. ^ 

it * Efi>* *» * rt* U iifi 1 L . ffi*I)tSv^lB|fflty y 
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70 2 (g) = BO^On flux) 
4 

[0 0 5 2] 

y'J^y^^BiMS^CalfMCS i^RH 
S:S^:o if, 7;Kt^7^C, 14masspp 
mOB^MG-S i (4 0g) t*AL, 15 00 
m*P»L^o MG-S i *%^tC»HtLfc«, 4 2m 
a s s%CaO-58ma s s%CaF2 &J&£*1-& 
y?y?X (8g) «rvU3>+UJ6iniLfco 
[0 0 5 3] ^Ctl, iSM^U Pli4mmC0y 
(T* *«i*U o 

5:J3, BS3£#-*a£*(i, 3 5 0 c c/m i n t I, KZt 
Bf|BJ<i. 1 - 4 m i n t Ltz Q EJ£4?*7f£, v U 

fb*fl*UJ:»K y'Jny^BlSS 
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